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• Applications:  Space-Based Optics

• Operational Need:
Improve on glass & metal mirrors
– Lighter
– Tougher
– Cheaper



PROGRAM INTRODUCTION

Imaging Systems 

Directed Energy
(Laser) Systems 

• Applications:  Space-Based Optics

• Operational Need:
Improve on glass & metal mirrors
– Lighter
– Tougher
– Cheaper

new material

new process



PROGRAM INTRODUCTION:
Material Concept

         Multi-Component Composites



PROGRAM INTRODUCTION:
Fabrication Concept

Cast Optical Surface
(no grinding or polishing)

Polymer Mirror Surface

Mirror Substrate

Optical Quality Reusable Mold 

Released Composite Mirror
(final figure & finish) 



PROGRAM INTRODUCTION:
 Material Design Elements

• Space compatible:
– Radiation hard (to space ambient)
– AO resistant

(inherent or through practical coating)
– Resistant to out-gassing in vacuum

• Improvement over glass or metal mirrors:
– Lower areal density
– Higher tolerance to thermal excursion

(low CTE)
– Improved strength (toughness & stiffness)

• Compatible with obtaining optical surface
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PHASE I PLAN:
 Technical Objectives

1. Formulate multi-component composites tailored for
space-based mirrors

2. Develop fabrication process

3. Characterize candidate materials

4. Assess candidates’ feasibility for space-based
mirrors

5. Assess candidates’ potential for mirror producibility



PHASE I PLAN

TASK MONTHS AFTER AWARD
1 2 3 4 5 6 7 8 9

1. Formulate Composites
2. Fabricate Coupons
3. Characterize Composites
4. Assess Material Properties
5. Assess Producibility
6. Analysis Prep for Phase II
7. Extended R&D on Optimum Composite
8. Report & Deliver Materials
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PHASE I RESULTS:
 Inorganic Materials

• SialyteTM Inorganic “Resin”

– Inherently space compatible chemistry

– Lattice structure:  high stiffness

– Low-temperature process :  fabrication savings



PHASE I RESULTS:
 SialyteTM Inorganic “Resin”

poly(sialate-siloxo)



Baseline (Neat) SialyteTM

Carbon Nanofiber
Composite

Glass Syntactic
(microspheres)

PHASE I RESULTS:
 Representative Inorganic Candidates

Cyanate Ester Hybrid

Carbon Nanofiber-Glass
Syntactic Laminate

ZrO2 Nanoparticle Composite



PHASE I RESULTS:
SialyteTM Replica Mirror Coupon

Finish

Fabrication

• Porous surface
• Roughness:

• Best local:  ~5 nm RMS
   (neat)
• Best overall: ~8 nm RMS
   (ZrO2 composite)

• SialyteTM cast on optical flat
• Gold coating



PHASE I RESULTS:
 Organic Materials

• Cyanate Ester Resin

– Demonstrated space compatible chemistry

– Compatible with mature processes
demonstrated with epoxy-based materials
• Streamlines composite design
• Streamlines process development

– Formulation experience:
   Confidence in near term transition



PHASE I RESULTS:
 Cyanate Ester Organic Resin

High Performance Syntactic Composites



PHASE I RESULTS:
Representative Organic Candidates

CE-Carbon Fiber
Composite

Cyanate Ester -
Glass Syntactic

Carbon Nanofiber Reinforcement

Syntactic-Carbon Fiber Laminate



SUPPORTING IR&D RESULTS:
Epon - Glass Syntactic -

Carbon Nanofiber & Carbon Fabric Laminate

OBJECTIVE

IR&D   RESULTS

• Improve strength
• Improve stiffness
• Demonstrate multi-
 component composite

• Indicates high potential for 
strong, stiff support structure
integrated with reflective surface

• Multi-component
 composite feasible
• Requires development 

in Cyanate Ester

Form Fabrication



PHASE I RESULTS:
 Cyanate Ester Surface Finish

Surface Roughness:  6.09 nm RMS

38.28 nm

- 53.56 nm 

2.5 cm dia



PHASE I RESULTS:
 Mold Finish

Roughness Before Casting:
5.41 nm RMS

Roughness After Casting:
4.61 nm RMS

26.86 nm 37.19 nm

-34.76 nm -59.72 nm



PHASE I RESULTS:
Cyanate Ester - Glass Syntactic

Mirror
OBJECTIVE

RESULTS
Form

Fabrication

 Demonstrate feasibility
   of replication approach

 Slight curvature
   (due to cure shrinkage)

• Good mold release
• Process development needed
 to improve figure replication
• Initial feasibility established

Finish
• Good mold replication
• Good reflective coating



PHASE I RESULTS:
 Cyanate Ester - Syntactic Mirror

Surface Roughness:
5.15 nm RMS

40.00 nm

- 50.00 nm



• SialyteTM Inorganic Composites
– Multi-component composites feasible
– Attributes appear promising for space

mirrors
– Need further development to reach

transition

• Cyanate Ester Organic Composites
– Multi-component composites feasible
– Attributes demonstrated for replica

mirrors for space-based optics
– Ready for transition demonstration

PHASE I RESULTS:
 Conclusions
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PHASE II PLAN

TASK MONTHS AFTER AWARD
Award 6/17/03 4 8  12  16 20 24

1. Optimize Organic Composites for RM 
2. Dev Organic RM on MMC Structure
3. Dev Semi-Rigid Organic RM Structure
4. Dev Rigid Organic RM Structures

Down-Select Prototype Config
5. Demonstrate Prototype Organic RM

6. Optimize Inorganic Composites for RM
7. Demonstrate Prototype Inorganic RM
8.  Characterizations
9.  Assess producibility
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PHASE II EARLY RESULTS:
 Inorganic Materials

Scaling Up Processes & Optimizing  Composites

SialyteTM - Glass Fiber Composite



PHASE II EARLY RESULTS:
 Organic Materials

Cyanate Ester - Glass Syntactic:  Thin Sheet (~0.8 mm)

Syntactic-Carbon Fiber “Micro-Laminates”

Scaling Up Processes & Optimizing  Composites

~4.0 mm
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EXECUTIVE SUMMARY

Composite Replica Mirrors for
Lightweight Space Optics

Concept: Reflective Coating
Fabric

Nanofibers
Microspheres

Mirror SurfaceReusable 
Optical Quality Mold

Cast Replica Mirror

Operational Benefits:
- Reduced mirror areal density
- Tougher & stronger mirror material
- Reduced mirror fabrication cost & time

AF Application:  Space-based imaging systems

Commercial Applications:
- Commercial imaging systems (e.g., LANDSAT)
- Consumer telescopes

- Phase I: Create Novel Multi-Component Composite
   -- Feasible composites  -- demonstrated
   -- Feasible fabrication processes -- demonstrated

- Phase II: Demonstrate Replica Mirror (RM)
  -- Develop mature composite materials
      --- Organic:  Cyanate ester matrix
      --- Inorganic:  Polysialate or calcium-based matrix
  -- Develop mature replica fabrication processes
  -- Develop practical RM design methodology
  -- Demonstrate operationally relevant prototype mirror

- Phase III:  Commercialization in Consumer Market

Proposed Approach:

Deliverables:
- Phase I: Feasible materials & processes -- delivered
- Phase II:  -- Mature materials & fabrication processes
           -- Prototype Composite Replica Mirror
Contact: S Vining (937) 320-1877 viningsd@crgrp.net

TASK MONTHS AFTER AWARD
Award 6/17/03 4 8  12  16 20  24

1. Optimize Organic Composites for RM 
2. Dev Organic RM on MMC Structure
3. Dev Semi-Rigid Organic RM Structure
4. Dev Rigid Organic RM Structures

Down-Select Prototype Config
5. Demonstrate Prototype Organic RM

6. Optimize Inorganic Composites for RM
7. Demonstrate Prototype Inorganic RM
8.  Characterizations
9.  Assess producibility
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